Fluid balance and sweat electrolyte losses were measured in the players and substitutes engaged in an English Premier League Reserve competitive football match played at an ambient temperature of 6-8 °C (relative humidity 50-60%). Intake of water and/or sports drink and urine output were recorded, and sweat composition was estimated from absorbent swabs applied to 4 skin sites for the duration of the game. Body mass was recorded before and after the game. Data were obtained for 22 players (age 21 y, height 180 cm, mass 78 kg) and 9 substitutes (17 y, 181 cm, 72 kg). All were male. Two of the players were dismissed during the game, and none of the substitutes played any part in the game. Mean ± SD sweat loss of players amounted to 1.68 ± 0.40 L, and mean fluid intake was 0.84 ± 0.47 L (n = 20), with no difference between teams. Corresponding values for substitutes, none of whom played in the match, were 0.40 ± 0.24 L and 0.78 ± 0.46 L (n = 9). Prematch urine osmolality was 678 ± 344 mOsm/kg: 11 of the 31 players provided samples with an osmolality of more than 900 mOsm/kg. Sweat sodium concentration was 62 ± 13 mmol/L, and total sweat sodium loss during the game was 2.4 ± 0.8 g. These descriptive data show a large individual variability in hydration status, sweat losses, and drinking behaviors in a competitive football match played in a cool environment, highlighting the need for individualized assessment of hydration status to optimize fluid-replacement strategies.
Football is a physically demanding endurance sport, with outfield players typically covering about 8-13 km over the 90-min duration of a top-class competitive game: The mean rate of energy expenditure is estimated to be about 16 kcal/min (about 67 kJ/min), corresponding to an oxygen consumption of about 75% of maximum for the average player (4, 17) . The high work rates and extended nature of the game lead to elevations of body temperature and the initiation of sweating responses to promote heat loss, even in cool environments (6) . This in turn leads to a loss of body water that, if it is of sufficient magnitude, might lead to decrements in both physical and mental performance with consequent implications for the outcome of competitive match play.
Sweat volume, but not electrolyte losses, in competitive football games has been measured previously, and there are several reports in the literature. In all these reports, sweat losses were estimated from changes in body mass over the course of the game, with correction for the mass of any fluid consumed. These reports suggest that group mean sweat losses incurred during a match can range from less than 1 L to more than 3 L (5, 14) . It is clear that several factors will influence the magnitude of sweat loss (10) . Although environmental temperature and humidity, state of acclimation, and fitness of the individual players, as well as level of performance, will all contribute to the observed variability, there remains a large difference in individual sweat response that cannot be explained by any of these factors. Reported fluid intakes also vary greatly, from 0 to more than 1 L, but many of the published data are presented as mean values only, obscuring the individual variation.
As well as losing water in sweat, players lose variable amounts of electrolytes, of which sodium is quantitatively the most important (21) . Sweat electrolyte losses have been estimated in elite football players in training, but the available data from the competitive environment are limited. In training, some players incur substantial sodium losses, but others lose rather small amounts (11, 12, 19) . The magnitude of the solute loss depends on both sweat rate and sweat composition, and both of these vary considerably among individuals. Players might ingest drinks during training or match play, and water and carbohydrate-electrolyte drinks are both widely used. For some players, the sodium concentration of commercially available sports drinks (typically about 20 mmol/L) might ensure adequate replacement of salt losses, but others are likely to finish the game with an electrolyte deficit. There is good evidence that ingesting carbohydrate-electrolyte drinks during laboratory exercise designed to simulate patterns of activity in match play can help maintain running capacity (8, 13) and can also limit the deterioration in performance of skilled tasks that would otherwise occur (13, 16, 22) . All these studies have used soccer players as subjects and have used a variety of different exercise-performance models and tests of skill. Whether the benefits of ingestion of carbohydrate-electrolyte drinks are the result of the ingested fluid, carbohydrate, or electrolytes is not entirely clear.
Given the large interindividual variability reported in measures of hydration status, mean data have limited relevance in assessing the requirements of individual players competing in different environments. The aim of the current study was to assess fluid balance and electrolyte losses in the members of 2 teams engaged in a competitive football match and illustrate these data for individuals, as well as for the teams.
Methods and Materials
The subjects for this study were the team members and substitutes of the reserve teams of 2 English Premier League football teams who took part in a competitive game. The game was played in the evening and, as a "local derby" involving teams from neighboring towns, was highly competitive. The study was approved by Loughborough University research ethics committee, and players gave written informed consent after being fully informed of the measurements to be made. All players and substitutes willingly volunteered to participate in the study, but 2 players from one team were dismissed by the referee, one after about 5 min of play and the second after about 70 min. Data for the precompetition urine measures of all players are included, but all other data from the players who did not complete the game have been excluded. Complete data are therefore available for 20 players who completed the full 96 min of play (2 × 45 min + 6 min extra time) and 9 substitutes, none of whom played at all. Descriptive characteristics of the players are shown in Table 1 . There were no differences in these characteristics between the players of the 2 teams. For the purposes of this report, results from the substitutes from both teams are presented as a single data set.
The game was played in the evening (7 PM kick-off). The weather at the time of the match was cool (approximately 6-8 °C), with a relative humidity of about 50-60%. All players, including substitutes, reported to the ground after following their normal prematch routine and provided a urine sample on arrival. Approximately 40-45 min before kick-off, body mass was measured with subjects wearing only underpants using a digital scale readable to 0.02 kg. Subjects then sat while plastic-covered absorbent patches for sweat collection (3M, Loughborough, UK) were applied to 4 skin sites (forearm, chest, back, and thigh). The skin was thoroughly cleaned with distilled, deionized water and dried before the patches were applied. Because of time constraints, these areas were not shaved before applying the patches, but the experimenters ensured that each patch adhered firmly to the skin. Players and substitutes then changed into match uniforms and warmed up on the field for about 15 min before returning to the dressing room about 10 min before kickoff.
In an effort to investigate the players' normal behavior, both teams were provided with the drinks, which were always made available to them during matches. The players were allowed to consume drink ad libitum until their body mass was measured; thereafter, all players drank only from the bottles provided. Each player from Team A was provided with an individual drink bottle containing 1 L of a commercially available sports drink (6.4% carbohydrate, 20 mmol/L Na + ; Lucozade Sport, GlaxoSmithKline, England) or water according to their established preference. This was refilled at halftime if necessary. Players from Team B were provided with a different commercially available sports drink (5.2% carbohydrate, 1.3% protein, 23 mmol/L Na + ; Energy Source, High Five, England) and with two 500-mL bottles of plain water. Each player's bottles were clearly labeled with his name and/or squad number. Individual drink bottles were weighed before being provided to the players and again at the end of the match to assess intake of water and sports drink. All bottles were kept at the side of the field of play adjacent to the team bench, and players had ample opportunities to drink during breaks between Table 1 phases of play and at halftime: Drink bottles were taken into the dressing room at halftime. Additional bottles were available to players if required. All urine passed from the time of the initial body-mass measurement until the end of the game was collected for measurement of volume. Substitutes warmed up with players before the game, then sat on the touchline for most of the game. All players were under constant observation before and during the game to ensure compliance. At the end of the match period, sweat patches were removed and immediately placed into clean, airtight containers until analyzed. Subjects then toweled dry and were again weighed wearing dry underwear (similar to prematch). Sweat loss was calculated from the change in body mass after correction for the mass of fluid ingested and the volume of any urine passed. Mass loss resulting from substrate exchange and respiratory water loss was ignored, because this would have been a small component of the total mass loss.
The amount of sweat in each patch was determined gravimetrically, and 2 mL of distilled deionized water were added to each of the tubes containing a sweat patch. After thorough mixing, the tube was centrifuged and a sample removed for measurement of sodium and potassium by flame photometry (Corning 410c, Corning Ltd, Essex, UK). Urine osmolality was measured by freezing-point depression (Roebling Automatik, Camlab, Cambridge, UK) within 36 h of collection. All sample analysis was completed within 1 wk of collection. Sweat electrolyte losses (in grams) were calculated from the sweat electrolyte concentration, the molecular weight of the electrolyte, and the total sweat loss of the individual.
Data were tested for normality of distribution and are presented as mean ± standard deviation, with the range of data given in parentheses. Data sets found not to be normally distributed are presented as median and range. Correlation analysis was performed by least-squares regression. Differences in regional sweat electrolyte concentration were determined by 1-way ANOVA and Tukey's test of honestly significant difference. The significance level was set at 0.05.
Results
Precompetition urine osmolality of the players from the 2 teams was not statistically different (P = 0.597): For Team A (n = 9) the osmolality of the prematch sample was 725 ± 299 mOsm/kg, with a range of 223-1116 mOsm/kg. For players of Team B (n = 11), the mean urine osmolality was 640 ± 387 mOsm/kg with a range of 90-1064 mOsm/kg. For the substitute players of the 2 teams (n = 9) mean preexercise urine osmolality was 599 ± 353 mOsm/kg, with a range of 89-1052 mOsm/kg.
Body-mass loss, fluid intake, and sweat loss for the players are shown in Table  2 . Values for individual players can be read from the data points in Figures 1-3 . The measured pregame body mass was corrected for the volume of urine passed before the game, so the initial body mass represents the true body mass at the start of the game. The volume of urine passed at halftime was used in the calculation of estimated sweat loss; no correction was applied for estimated substrate use or for respiratory water loss. There was no statistical difference between teams in any of these measured variables, and the mean body-mass loss during the game for all players was 0.84 ± 0.52 kg, corresponding to a body-mass loss of 1.1% ± 0.6% of prematch mass. This was the result of a mean sweat loss of 1680 ± 400 mL, a mean fluid intake of 864 ± 469 mL, and a mean urine output (for subjects who passed urine) at halftime of 116 ± 174 mL. Players on Team A tended to drink more fluid (1082 ± 599 mL) than those on Team B (686 ± 232 mL), but this difference was not statistically significant (P = 0.174) and was not related to preexercise urine osmolality (Figure 1 ) or sweat loss (Figure 2 ). Table 3 lists urine losses broken down by time, showing the volume passed immediately before the game (between the initial body-mass measure and the start of the game) and at halftime. This table also shows data for the substitute players from both teams. Data for mass change and sweat loss of the substitute players, again shown as a single data set for the players from both teams, are shown in Table  4 . As one would expect, the sweat losses of the substitutes (408 ± 235 mL) were much less than those of the players (1680 ± 400 mL).
Sweat sodium and potassium concentrations are shown in Table 5 . Several (n = 7) players lost 1 or more sweat patches, from either the forearm or thigh, Table 3 that were displaced or loosened by contact with an opponent or with the ground.
The mean values for the remaining patches were used for these players. There was no statistical difference in sweat electrolyte content between the players of the 2 teams. There was no association between sweat sodium concentrations and sweat rate (Figure 3 ). Both teams showed the same pattern of differences between sampling sites in sodium concentration, with samples collected from the chest and the back generally showing higher sodium concentrations than samples collected from the arm or the thigh. There was a suggestion that this pattern was reversed for sweat potassium concentration, with higher values generally observed on the arm and thigh than on the chest and back. Total sodium losses, assuming that the mean sodium concentration from these 4 sites represents mean whole-body sodium concentration, for all players combined were 1.9 ± 1.1 g, and total potassium losses were 0.3 ± 0.1 g. Electrolyte losses for the 20 players who participated in the game were sodium 2.4 ± 0.8 g and potassium 0.4 ± 0.1 g.
Discussion
Only a limited amount of information is available on the weight (sweat) loss of soccer players during training and competition. This is in part because of the problems associated with obtaining accurate data but more especially to the reluctance of managers to allow anything that might distract players from their immediate concerns with the outcome of the match. Ekblom (6) reported a mass loss of 1-2.5 kg during games played in temperate climates, with the loss being greater in international-level games and less in players performing at a lower standard. A body-mass loss of 1.0 kg (1.4% of body mass) was also reported where players consumed 1 L of fluid during the game, indicating a total sweat loss of close to 2 L. Mustafa and Mahmoud (14) reported much larger losses in some international-level players playing in hot conditions. In games played in the heat, losses of almost 4 L were observed, although the mean loss was 2.0-2.5 L when players performed in cooler (13 °C) conditions, a smaller mean sweat loss of 1.68 ± 0.40 L was reported in the current study. Large sweat losses of up to 3.5 L in some individuals were also reported by Bangsbo (3). Kirkendall (8) reported mean sweat losses of 1.3 L in an unstated number of subjects who played a match at 19 °C. In matches taking place in cooler conditions (6-9 °C), sweat losses of 2.0-2.8 L were reported, but the subject numbers in that study were small (n = 7) and there was no indication of the range of values observed, which limits their usefulness (5) . The temperature during the game reported here was lower (6-8 °C) than in most of these published reports, although it was similar to that during the study reported by Davies et al. (5) . We have, however, previously reported that sweat losses during a 90-min football-training session taking place in a similar environment (5 °C) were not markedly different from those observed in warmer climates (11, 12, 19 ). It appears, therefore, that sweat losses might not be markedly affected by climatic conditions when players have the opportunity to adjust the amount of clothing worn and some flexibility in their chosen work rate. Clearly this is limited in a competitive situation, when team uniforms have to be worn and the work rate is largely influenced by the nature of the match and the opposition.
There are considerable practical difficulties in obtaining valid data from players in a competitive match situation, and many of the published reports lack detail on procedures used to allow for urine output or to ensure player compliance. Players in this study were under constant observation from their own support staff and from the experimenters from the time of arrival at the match grounds until completion of the data collection. The data from this study show that urine losses in the period immediately before the game are highly variable but can be substantial for some individuals. Most players (18 of 22 starting players and 7 of the 9 substitutes) passed some urine in the 45-min period between the measurement of the initial body mass and the start of the match. In some cases, the volume passed was small, and the need to pass urine is probably a reflection of pregame anxiety that some players experience. Six of the 21 players still involved in the game and 8 of the 9 substitutes passed urine at halftime. In the case of some of the substitutes, the volume of urine passed at halftime was substantial, and this reflects the generally high fluid intake and limited activity, and therefore small sweat losses, of these individuals.
When considering changes in fluid balance occurring during the match, the responses of the players from the 2 teams were remarkably similar, with players from both teams showing wide individual variability in all parameters. This has previously been reported on numerous occasions in training (11, 12, 19) , but data collected during competitive match play are almost totally absent. These data reinforce the fact that mean data have limited relevance in assessing the requirements of individual players competing in different environments.
Mean electrolyte losses of the players were similar to those reported in elite players during training (11, 12, 19) . Again, a large interindividual variability was apparent, and the reasons for this variability remain obscure. There was no association apparent between the sweat sodium concentration and the whole-body sweat rate (Figure 3 ). Players were rather homogeneous in terms of fitness and dietary habits, having generally undertaken very similar activity regimens in the weeks before this study. Players had also been exposed to similar environmental conditions for several weeks before the game, all players being resident in the same geographical region. Even when accounting for differences in sweat rate, training status, degree of acclimation, and dietary intake, it is clear that there is still a considerable interindividual variability in sweat electrolyte content, suggesting that there might be some genetic component.
As has been reported previously (21) there were obvious regional differences in sweat electrolyte composition. Sweat sodium concentration was not significantly related to local sweat-secretion rates as estimated from the amount of sweat present in each patch at the end of the game (Pearson correlation = -0.209, P = 0.09); however, sweat potassium concentration was statistically associated (Pearson correlation = -0.623, P < 0.001). This is, of course, a rather crude estimate of sweat rate and is liable to be particularly unreliable at high sweat rates when some sweat was lost during removal of the patch.
All players drank water and/or carbohydrate-electrolyte drinks during the game. There was a large interindividual variability in fluid intake, with a tendency for greater intake by the players of Team A. Unfortunately, no record was kept of when the fluid was consumed: Some was consumed before kickoff, some during the game itself, and some at the halftime interval. There were concerns about excessive intrusion if the bottles were weighed at the times necessary to give this information and also about the possibility that too much attention to this would influence the drinking behavior of the players. When total fluid intake during the game was correlated with the prematch urine osmolality, no significant relationship was observed (Pearson correlation = -0.052, P = 0.827; Figure 1 ). This is in contrast to a previous report in which the volume of fluid ingested by players training in a cool environment was significantly related to the pretraining urine osmolality (12) .
It is clear that the fluid intake of some of the substitutes was excessive, leading to a gain in body mass (6 of 9 were heavier after the match) and to the output of large urine volumes in some individuals. There are clearly few distractions for the substitutes, who spent almost the entire match sitting on the bench with constant access to their drinks bottles. There might be some disadvantages for these players in consuming too much fluid if they are then called on to take part in the game. Either an excessively full bladder or the extra body mass to be carried could have negative effects on performance.
Sweat loss results in a progressive loss of body water, and, on the basis of the reduced body mass, all the players were hypohydrated at the end of the game relative to their prematch hydration status. In this context, hydration status refers only to total-body water content, although there might be functional consequences of the distribution of body water between body-water compartments. Several players provided prematch urine samples with rather high osmolality, indicative of possible hypohydration before the match began. There can be no absolute indication of whole-body hydration status on the basis of urine or blood measurements, but it does seem likely that there is an association between urine osmolality and hydration status (1) . If a value for urine osmolality of 900 mOsm/kg is accepted as a cutoff point for indication of adequate hydration status (20) , 11 of the 32 players studied (6 players from one squad and 5 from the other) were not well hydrated when they arrived at the match grounds. This is potentially a concern, because there is good evidence of negative effects of prior hypohydration on performance of a variety of exercise tasks, including running and cycling performance (2, 15) , skilled performance (13), and cognitive-function tasks (7) . Fluid deficit will also lose the beneficial effects of acclimatization: Heat-acclimatized individuals who are hypohydrated respond to heat stress as though they are not acclimatized (18) .
It seems clear that not all players were well hydrated at the beginning of the game, so the true extent of hypohydration is these players is unknown. The 5 players with prematch urine osmolality in excess of 1000 mOsm/kg incurred mean body-mass losses of 1.00 ± 0.61 kg (range 0.16-1.54) during the game. Body-water content of some of these players at the end of the game might have been substantially less than optimal.
Notwithstanding the fact that most of the studies showing adverse performance effects of hypohydration on exercise performance, skill, and cognitive function have been conducted in warm or hot environments, and notwithstanding also the theoretical energetic advantage of a reduced body mass, there might be disadvantages to prematch hypohydration even in cold environments. We have previously shown (12) that players who report for training with an elevated urine osmolality are likely to drink more during training. In a match situation, the rate of gastric emptying of ingested fluids, and therefore the availability of ingested fluid and carbohydrate, is likely to be reduced, increasing the risk of gastrointestinal discomfort and limiting the benefits of drinking (9) .
These results show that a substantial proportion of the players were likely dehydrated before kickoff, in spite of the game's being played late in the day and affording ample opportunities for fluid intake in the hours beforehand. Even though the weather was cool, mean sweat rates were high and some players incurred fluid deficits of more than 1.5% of body mass. Sweat rate, sweat composition, and drinking behavior varied greatly between individuals. These data confirm and extend observations made on elite players in training and suggest that generalized guidelines on fluid intake might be of little use to individual players. Given the large variability that was observed in hydration status, sweat losses, and drinking behaviors, individualized assessment of fluid and electrolyte needs might be recommended to optimize fluid-replacement strategies in both training and competition. Substitute players drank more than is perhaps advisable, given that the sweat losses experienced by these individuals were negligible.
